were detected in the course of reducing the data.
INTRODUCTION
Searches for fast radio bursts (FRBs) are one of the most topical areas of study in modern astrophysics, due in good part to the mysterious nature of this phenomenon. The first FRB was detected in 2007 in the archives of the Parkes radio telescope containing data on pulsar searches [1] . Doubt was cast on the natural origin of these and some other bursts [2, 3] , since the associated signals were isolated and had parameters similar to peritones [4] . After the detection of a repeat signal from FRB 121102 [5] , the possibility of an artificial origin for these signals was eliminated, and the central question became what processes could give rise to such powerful pulses.
2
Several mechanisms for the origin of radio bursts such as FRBs have been proposed [6, 7] . FRB 121102 is an event that has interested many researchers. In connection with the detection of multiple repeat events occurring over several years, it has been possible to establish the coordinates from which the impulsive signal is coming with fairly good accuracy. This region was also investigated in the optical using the Hubble Space Telescope and the 8.2-m Subaru telescope. As a result, it was determined that FRB 121102 is located in a region of active star formation very near the center of an irregular dwarf galaxy at a distance of more than three billion light years [8] .
Much attention is being paid to theoretical models that can satisfactorily explain all the parameters of FRBs. Some 20 or more models are known in the literature, but the most commonly considered models are those where FRBs are gigantic pulsar pulses [9] .
More than 50 FRBs are currently known. These all have dispersion measures from pc/cm 3 to 2596.1 pc/cm 3 . This suggests that most of these signals have an extragalactic origin. The pulse durations for all these events do not exceed several milliseconds. So far, all the FRB detections have been at frequencies from 700 MHz to 8 GHz.
One of the important characteristics of FRBs is their brightness: the peak fluxes for the vast majority of these bursts lie in the range 0.3 -8 Jy. In spite of the similarity of the parameters of FRBs, we can distinguish several special cases. Three bursts having peak fluxes several times these values have been detected. For example, the peak flux of FRB 150807 was 120 Jy [10] .
Circular and linear polarization was detected for FRB 110523, FRB 140514, and FRB 150807 [10] . Repeated pulses from the direction of FRB 121102 were detected on three occasions [5, 11] . FRB 180411 with a record signal-to-noise SNR = 411 was detected in April 2018 [12] . This pulse was detected using the Parkes 64-m radio telescope (Australia) at 1.4 GHz. 
APPARATUS
The LSA is a meridian instrument, and is one of the most sensitive radio telescopes operating at meter wavelengths. Starting in 2000, the operating frequency range of this instrument has been 111 МHz ± 1.25 МHz. The fluctuational sensitivity of the radio telescope in a 2.5-MHz receiver bandwidth with a time resolution of 0.1 s is 140 mJy [13] . The signal is registered using a multichannel digital receiver that enables the signal to be recorded in two modes. The first recording mode has relatively low frequency resolution and six frequency channels, each with a receiver bandwidth of 415 kHz. The time interval between readouts is 100 ms. The data obtained in this mode are used to continuously monitor scintillating sources. The second recording mode uses 32 frequency channels with a bandwidth of 78 kHz and a time resolution of 12.5 ms. In both the first and the second mode, the signals are digitally processed using a 512-sample FFT processor. In our current study, we used data recorded with a time resolution of 100 ms.
To study large numbers of interplanetary scintillations of compact radio sources in a taken from Kuzmin et al. [14] . To model a signal, we generated a sequence of 3000 points with a sampling interval of ∆t = 0.1 swhich on average corresponds to a time for passage of the observed source through the LSA antenna beam of 5 min.
If we adopt a thin-screen model [15] , the impulsive characteristics of the scattering medium can be described by the decaying exponential function
The received pulse is the convolution of the emitted pulse, represented by a delta-function, and the transfer function of the medium [15]
where t − is the delayed time for the arrival of the signal at an individual frequency channel.
As an example, Fig. 1 presents the function F (t), representing the scattered pulse arriving at each of six frequency channels. We used the dispersion measure DM = 360 pc·cm −3 , in these simulations, which yields t s = 1 s.
The received pulse, which, in addition to scattering, has been subject to a dispersion delay in the medium through which it propagates, is received in the finite frequency band, leading to broadening, which can also be described as a convolution of the received pulse F (t) with a Π-shaped function represented as a product of two Heaviside (unit jump) functions σ(t):
where τ i is the arrival time at the boundary frequency of frequency channel i. The quantity
) represents broadening of the pulse in the band. Figure 2 shows pulses distorted by broadening in the frequency channels and shifted by the dispersion delay. We note especially that the broadening in the bandwidth ∆τ and scattering t s depend on DM in completely different ways: ∼ DM and ∼ DM 2.2 , respectively, ∆τ = t s with DM ≈ 320 pc·/m 3 . Therefore, when DM 320 pc·/m 3 ,the main contribution to smearing of the pulse is made by broadening in the bandwidth, while the main contribution when DM 320 pc·/m 3 is made by scattering in the intervening medium.
In the next step, six realizations of additive white noise with various amplitudes were 5 superposed on the pulse broadened and subject to dispersion delay. We specified various SNR levels from 0.1 to 5, in accordance with real observations. The rms deviations of the additive noise were calculated as a function of the amplitude of the dispersed pulse and the specified SNR. Figure 3 shows an example of noisy impulsive signals in the six frequency channels.
Because the data reduction occupies a fairly long time, we compared several methods for distinguishing an impulsive signal from the point of view of the duration of the reduction and efficiency of the signal detection. We applied three approaches to distinguishing a dispersed impulsive signal: addition of pairwise crosscorrelation of the pulses in the frequency channels, and cross -correlation of a noisy pulse with followed by addition of these pulses, cross -correlation with a template followed by addition and compensation for the dispersion measure (Fig. 4) . Figure 4 shows that, for the same input noise level, this last method based on cross -correlation with a template enables identification of the signal with the maximum SNR. We therefore decided to use this method, in spite of the fact that it required the longest processing time.
DATA REDUCTION
The data reduction was carried out in several steps. First, corrections were introducted to compensate for small deviations of the plane of the LSA beams from the local meridian, and also for precession. Further, a background smoothed with a median filter was subtracted from recordings with a duration of one hour.
To search for FRBs, the recordings for the six frequency channels were processed with a 5a and 5b). Further testing was carried out using a real object -the pulsar B2154+40 (Figs. 5c and 5d). In all cases, the method used enabled reliable identification of the impulsive signal.
In the next step, we analyzed a five-minute section with the central coordinates indicated We obtained more precise estimates of the flux densities of the FRBs that were found by comparing the signals received with a calibration step and calibration source. The calibration step is a template noise signal that is added to the recordings every four hours. We used 3C
48 as a calibration source, since it is located in the same beam as FRB 121102. As a result of determining the flux density of 3C 48, the fluxes were obtained with uncertainties not exceeding 10%.
We did not take into account the possibility that pulses fell between the LSA beams, or did not arrive at the center of an LSA beam used. Therefore, the peak flux densities presented in the table should be taken to be lower limits.
RESULTS
Our visual analysis enabled us to identify three events with DM values 247 pc · сm −3 , 570
Since our FRB search was carried out at low frequencies, pulses with high dispersion measures have undergone appreciable broadening. We also assumed that the peak flux 7 densities of the bursts at the observed frequency were essentially at the sensitivity limit of the LSA. This means that it is not possible to directly detect these signals under these conditions. Accordingly, we had to carry out a convolution with a template with a specified form. As a result, the profiles of each of the pulses in Fig. 7 have essentially the same widths.
We should also note that we can register only the upper part of a pulse using this approach, since the exponential "tail" of the signal cannot be distinguished in the noise.
Based on the model YMW16 (see [17] ), we estimated the redshifts z for all three pulses, determined using the relation
where DM is the dispersion measure of the observed FRB, DM Gal the total dispersion Since the discovery of the first FRB and continuing up to the present time, theoretical studies have put forward a large number of models describing possible mechanisms for the generation of powerful impulses in the form of FRBs at cosmological distances [9, [18] [19] [20] .
Several mechanisms for the formation of FRBs suggest they should be detected only at high 8 frequencies, with the signal being so weak at low frequencies that it should be essentially impossible to detect [21] [22] [23] . Our discovery of FRBs at low frequency places constraints on models that predict a flux that rises toward higher frequencies. Such models include, for example, an overflow of matter from an accretion disk around a comapct object in a close binary system, the coalescence of charged black holes, and the coalescence of white dwarfs. These constrains can also be applied to scenarios in which FRBs are afterglows of gravitational -wave events.
One of the main goals of our study was to try to detect impulsive emission from the known object FRB 121102. Our reduction of data in an area with central coordinates α = 05 h 32 m ; δ = +33.1
• enabled the detection of a pulse with dispersion measure 570 pc/сm 3 . This agrees with the dispersion measure of FRB 121102 within the uncertainties. The two components of the pulse must be distinguished through a separate analysis. Since there have been multiple attempts to detect several pulses from FRB 121102 within a single observing session, the double profile of the signal is consistent with the nature of this repeating burst.
CONCLUSION
We will now summarize the main results of this study.
1. We have developed an algorithm that can be used to search for fast radio bursts at meter wavelengths with the Large Scanning Antenna. 
